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Case Report

Transient Prominent Anterior QRS Forces in Acute Left Main
Coronary Artery Subocclusion: Transient Left Septal Fascicular Block

Andrés Ricardo Pérez-Riera,’
Marcos Célio de Almeida,’® Kjell Nikus*
Centro Universitario Satide ABC," Santo André, SP - Brazil

Raimundo Barbosa-Barros,” Rodrigo Daminello Raimundo,” Luiz Carlos de Abreu,’

Hospital de Messejana Dr. Carlos Alberto Studart Gomes,? Fortaleza, CE - Brazil
Universidadle de Brasilia - Instituto de Biologia-Genética e Morfologia,* Brasilia, DF - Brazil
Heart Center, Tampere University Hospital and Faculty of Medicine and Life Sciences,* Tampere — Finland

Introduction

The left main coronary artery (LMCA) originates from the
left sinus of Valsalva, passes between the main pulmonary
artery and the left atrial appendage before entering the
coronary sulcus and bifurcates into the left anterior descending
(LAD) and the left circumflex (LCX) coronary arteries. In
most individuals, the LMCA supplies =75% of the left
ventricle (LV)." Significant stenosis, which may lead to stable
angina and/or acute coronary syndrome, places the patient
at risk of life-threatening acute left ventricular failure and
malignant arrhythmias. Patient prognosis of LMCA disease
can be improved with coronary artery bypass grafting (CABG).
With technical improvement and effective anti-thrombotic
medication, percutaneous coronary intervention (PCI) has
evolved as an alternative therapeutic modality. In patients
with severe LMCA disease having low to intermediate
anatomic complexity, both CABG and PCl are effective
methods of revascularization with comparable long-term
rates of death, myocardial infarction, and stroke.? Patients
most suitable for LMCA stenting are those with isolated ostial/
mid LMCA disease, protected LMCA disease and those who
undergo an elective stenting procedure. In a recent study, 8%
mortality and 8% target lesion revascularization rate during
one-year follow-up was reported.?

Case description

A 72-year-old Caucasian male presented at the emergency
department complaining of prolonged oppressive chest pain
at rest since =1 hour associated with cold diaphoresis and
respiratory distress. He had a history of type 2 diabetes mellitus
and dyslipidemia had been detected four years before. Two
months earlier, he had oppressive precordial pain on moderate
exertion, which disappeared rapidly after rest. Figure 1 shows
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the ECG at admission and Figure 2-A an ECG performed 30
days before. The coronary angiography indicated subocclusion
(91-99% diameter stenosis) in the middle portion of the
LMCA (Figure 2-B). CABG was immediately proposed, but
the patient refused. He successfully underwent PCI with DES
implantation without in-hospital complications. During the
6-month follow-up no target lesion revascularization was
required on the LMCA. The patient remained asymptomatic
even at efforts and several follow-up ECGs were normal.

Discussion

An ECG performed due to stable angina symptoms
30 days before the hospital admission, showed a pattern
suggestive of LMCA disease and possibly some degree of
LSFB.** These “minimal findings” in the scenario of stable
angina should alert the clinician about the possibility of
severe myocardial ischemia in patients without a logical
explanation for the ECG findings, such as left ventricular
hypertrophy with strain in structural heart disease. Both
ECG features are evident, with more pronounced ischemic
findings in the ECG performed at admission when the
patient had acute coronary syndrome.

Several successive manuscripts from our group and others
have shown that a large proportion of cases with transient left
septal fascicular block (LSFB), manifested by prominent anterior
QRS forces, is caused by critical proximal obstruction of the
LAD before its first septal perforator branch.* As the LAD is a
continuation of the LMCA, significant LMCA obstruction, may
lead to ischemia in the mid-portion and apical territory of the left
ventricle, where the left septal fascicle runs, thereby causing LSFB.

In the presence of LSFB, the sequence of ventricular activation
begins only at two points:

The base of the anterolateral papillary muscle (ALPM) of
the mitral valve dependent on the left anterior fascicle (LAF) in
the anterior paraseptal wall, just below the ALPM attachment
(1, vector);

The base of the posteromedial papillary muscle of the mitral
valve (PMPM) dependent on the left posterior fascicle (LPF). It
is located in the posterior paraseptal wall, at about one-third of
the distance from the apex to the base (posteroinferior vector
—1,). These two initial vectors have opposite directions, and
they cancel each other with minimal predominance of the 1,
vector directed backward (Figure 3). This explains the absence
of the normal initial convexity to the right of the QRS loop in
the horizontal plane, dependent on the 1, septal vector (or
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Figure 1 — ECG at admission (A) and the injury vector in the frontal and horizontal planes (B). A) Widespread ST-segment depression in I, II, Il (II>1ll) and VF
and from V2 to V6 waves. Diffuse ST-segment depression in the inferolateral leads (27 leads with ST-depression) and reciprocal ST-segment elevation in the aVR
lead. In addition, atypical left anterior fascicular block (LAFB), QRS axis -40°, SIII>Sll, and absence of initial ¢ wave in | and aVL by absence of the first left middle
septal vector (in typical LAFB the first 10-20 ms vectors are directed to +120°).# B) Frontal plane (FP): The ST injury vector (arrow) is directed upward and rightward
pointing towards the aVR lead (-150°). When this vector is located between -90° and +180° in the FP, it is indicative of LMCA obstruction in up to 100% of cases;®
ST-segment depression in the inferior leads with STII>STIII; Horizontal plane: the ST injury vector is directed to the right and leftward (arrow), perpendicular to V1.

ST segment depression from V2 to V6.

Penaloza-Tranchesi vector).'® Next, the stimulus is directed to
the mid-septal or left paraseptal region, blocked by numerous
Purkinje passage areas, thus shifting the forces to the front and
the left, resulting in prominent anterior forces (PAF). Figure 4
shows two cases where the trifascicular anatomy of the left His
system is evident. Ironically, both cases come from the school
of electrocardiography that coined the bifascicular concept
of the left His system."

Left fascicles blood supply

LAF: the blood supply to the LAF of the LBB originated in
50 % of the cases not only from the anterior septal branch of
the LAD, but also from the atrioventricular (AV) nodal artery,
a branch of the right coronary artery (RCA) in 90 % of the
cases and of the LCX in 10%."? Thus, anatomic data support
the observation that occlusion of the proximal segment of
the LAD is not a prerequisite for the occurrence of LAFB.
The appearance of LAFB during acute myocardial infarction

Arq Bras Cardiol 2020; 115(1Suppl.1):1-5

is not a sign of a coexistent significant stenosis of the LAD
or of more severe or extensive coronary artery disease. In
these patients, other mechanisms such as the degree of
the coronary collateral circulation may play a role in the
occurrence of this conduction disturbance and supports the
experimental and clinical reports that LAFB may be due to
lesions involving the His bundle by means of a longitudinal
dissociation of this structure."

LPF: the broad nature of the LPF, its protected location
in the left ventricular inflow tract, as well as its dual blood
supply' makes isolated LPFB very rare." The PMPM where
LPF ends is supplied by arterial branches that terminate on
the diaphragmatic surface of the LV, and most commonly by
a junction of terminal branches of the LCX and of the RCA.
When the LCX supplies nearly all the diaphragmatic surface
of the LV (10 % of human hearts), its branches provide the
entire blood supply for the PMPM. The LPF is irrigated in 10%
of cases by LAD only, in 40% of cases by LAD and RCA and
in 50% of cases by RCA only.
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Figure 2 - A) ECG performed 30 days before: left atrial enlargement, prominent anterior QRS forces in V2 with qRs pattern in V1-V2, R wave voltage in V2 >15 mm (23
mm), prolonged R-wave peak time in right precordial leads (235 ms), ST-segment elevation in aVR (=1 mm), minimal ST-segment depression in the inferior leads and
from V3 to V6; these discrete alterations could raise the suspicion of LMCA disease and some degree of LSFB. Note: this ECG was considered ‘normal” by the clinician!!
B) Coronary angiography in right anterior oblique cranial projection: this view shows a critical sub-occlusion of the LMCA (arrow) in the middle portion.

Figure 3 - Outline showing the initial ventricular activation in cases of LSFB. Left His system with its three divisions, in a left sagittal projection. The LAF ends at the
base of the ALPM of the mitral valve. The LPF ends in the base of the PMPM of the mitral valve. Since the activation vectors dependent on the anterosuperior (A) and
posteroinferior (B) fascicles go in opposite directions, they cancel each other, with minimal predominance of LPF. This phenomenon explains the frequent initial g wave in
the right precordial leads in the presence of LPFB. Note the absence of the first 1,,, vector, dependent on LSF. LBB: left bundle branch; RBB: right bundle branch; LAF:
left anterior fascicle; LPF: left posterior fascicle; LSF: left septal fascicle; LSFB: left septal fascicular block.

Arq Bras Cardiol 2020; 115(1Suppl.1):1-5
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Figure 4 - Endocardial lateral view of the IVS in the human heart.” In this example the LSF originates from the main LBB. Additionally, the LAF conducts to the ALPM
of the mitral valve and the LPF straight to the PMPM of the mitral valve (A). Figure extracted from the original book by Rosenbaum,™ the LSF originates from the LPF.
Rosenbaum considered these as “false sinews or tendons” originating from the LPF (B). LBB: left bundle branch; RBB: right bundle branch; LAF: left anterior fascicle;

LPF: left posterior fascicle; LSF: left septal fascicle; LSFB: left septal fascicular block.

Left septal fascicle (LSF): it is irrigated exclusively by
the septal perforating artery from the LAD, which supplies
the upper %/, portion of the interventricular septum (IVS)
at this site. Most of the blood supply to the IVS is provided
by the LAD. Branches into the septum from the posterior
descending artery rarely penetrate more than 10 mm from
the epicardium (slightly more than the normal thickness of
the LV free wall), so that for practical purposes one may
consider the entire blood supply of the IVS to be derived
from four to six nearly equal size septal perforating branches
of the LAD (Table 1).

In the recent Brazilian consensus paper, the following
criteria for LSFB were established. They are as follows,
with modifications and clarifying comments by our group:

Presence of prominent anterior forces (PAFs) of the
QRS, being transient in sequential tracings. The transitory
nature of PAF and the leads involved in it indicate a high
likelihood of critical proximal obstruction of the left anterior
descending coronary artery (LAD). When this pattern is
observed in the scenario of acute coronary syndrome or
during a stress test, urgent coronary angiography should
be considered;

Normal QRS duration or discrete increase (up to 110
ms) when not associated to other blocks;

Unaltered frontal plane leads;

R-wave-peak time in V1 and V2 =40 ms.'® (Note: the term
intrinsicoid deflection is not recommended,”

Table 1 - Artery responsible for the irrigation of the three fascicles
of the LBB

Responsible system LAF LPF LSF
LAD only 40% 10% 100%
LAD & RCA 50% 40% 0%
RCA only 10% 50% 0%

Arq Bras Cardiol 2020; 115(1Suppl.1):1-5

R-wave voltage in V1 =5 mm;
R/S ratio in V1 and V2 >2;
S-wave depth in V2 <5 mm;

Possible heart-rate dependent, embryonic and/or transient
q wave'®in V2 or V1 and V2;

R-wave voltage in V2 >15 mm;

RS or Rs patterns in V2 and V3 (frequently, rS in V1) with
R wave “in crescendo” from V1 through V3 and decreasing
from V5 to V6;

Absence of ¢ wave in V5, V6 and | (by absence of 1,
septal vector)'®; confirmed experimentally in explanted human
hearts by Durrer et al."

Conclusion

To our knowledge, this is the first case in the literature
describing ECG features compatible with LSFB associated
with LMCA subocclusion. This evolution should alert clinicians
about the possibility of severe coronary artery disease in
patients with an ECG pattern of LSFB associated with wide-
spread ST-segment depression both in patients with stable
angina and those with acute coronary syndrome. Coronary
angiography without delay should be considered.
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Myocardial Involvement in Sweet Syndrome: A Rare Finding in a

Rare Condition
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Department of Cardiology, Leiria Hospital Centre, Leiria - Portugal
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Introduction

Sweet Syndrome is an acute febrile neutrophilic dermatosis
characterized by an association of fever, neutrophilia, tender
erythematous skin lesions (papules, nodules, and plaques), as
well as pathologic findings consisting predominantly of mature
neutrophils typically located in the upper dermis." It is a rare
condition with a worldwide distribution which can present
as one of three main clinical types: idiopathic, malignancy-
associated, or drug-induced." Extracutaneous manifestations
may occur but cardiovascular involvement is extremely rare.'

Case presentation

A previously healthy 41-year-old male presents to the
emergency department with a 48-hour history of mild fever
and worsening widespread skin lesions. He denied recent drug
intake, known allergies, relevant personal or familial diseases,
as well as suspicious epidemiological context.

The patient was febrile (38.32C) and heart rate, blood
pressure, and oxygen saturation were all normal. The chest
and abdominal examination were both unremarkable.
Skin examination revealed painful pseudovesiculate,
erythematous papules, and plaques on the nape, neck,
shoulders, and arms, as well as painful hyperpigmented
subcutaneous nodules (erythema nodosum-like) on the legs
(Figure 1). Blood tests showed slight leucocytosis (10800/
uL) with 81.4% of neutrophils, erythrocyte sedimentation
rate was 89mm/h (normal value (NV) <10) and C-reactive
protein (CRP) 128.5mg/L (NV<5.0). Electrolytes, renal and
hepatic profiles were normal.

A few hours later, the patient complained of transient
chest discomfort at rest. The electrocardiogram showed sinus
rhythm at 58 per minute with first-degree atrioventricular
block plus incomplete right bundle branch block. Troponin |
(Tnl) was 1.89ng/mL (NV<0.05) and raised up to 10.82ng/mL
six hours later. The repeated electrocardiogram was identical
to the previous one. Transthoracic echocardiogram (TTE) was
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Figure 1 — Skin examination. Pseudovesiculate, erythematous papules and
plaques on the nape (top); hyperpigmented subcutaneous nodules on the
legs (bottom).

normal, demonstrating preserved left ventricular ejection
fraction (LVEF; 53% Simpson’s biplane method) with no major
wall motion abnormalities. However, global longitudinal
peak systolic strain (GLPSS) was reduced, especially at the
expense of the mid-basal segments being the apex relatively
spared (Figure 2.A). Coronary angiogram excluded obstructive
coronary artery disease (CAD).

The patient was admitted to the internal medicine ward
with the presumptive diagnosis of acute febrile neutrophilic
dermatosis. On the second day (D2), skin biopsy was
performed and oral prednisolone (PDN) Tmg/Kg/day was
initiated, taking into consideration the persistence of both
fever and skin lesions as well as the increase of the CRP
value (242mg/L). Despite no chest discomfort relapse,
Tnl reached a peak level of 15.01ng/mL on D2. After
initiating PDN, the patient remained afebrile, and both
systemic inflammatory and myocardial injury biomarkers
started to decrease. Complementary laboratorial tests
(such as electrophoretic proteinogram, autoimmunity
screening, thyroid hormones, blood cultures and serology
tests) were normal. The histological skin analysis revealed
subepithelial oedema, dermal inflammatory infiltrate with
polymorphonuclear predominance and absence of vasculitis
(Figure 3). Based on this information, diagnostic criteria
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Figure 2 - Global and segmental longitudinal strain analysis; “bull-eye” plot (General Electric®). (A) Global strain is reduced (-16.4%) at admission; (B) and normalized

(-22.4%) three months after corticosteroid treatment.
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Figure 3 - Histology of the cervical skin lesion (haematoxylin-eosin stain). Predominant neutrophilic dermal infiltrate and oedema (left). Zoom over the dermal area

showing some lymphocytes, histiocytes, and absence of vasculitis (right).

were fulfilled for SS* and a high likelihood for cardiovascular
involvement presenting as acute myocarditis (AM)* was
considered. On D9, there had been no fever relapse, skin
lesions were mostly healed, and CRP and Tnl levels almost
normalized (9.9mg/L and 0.32ng/dL respectively). The
patient was discharged on a tapering corticosteroid regimen.

Four days later, the patient presented completely
asymptomatic with no skin lesions and both systemic
inflammatory and myocardial injury biomarkers have
normalized. A cardiovascular magnetic resonance (CMR)
was scheduled six days after discharge and showed findings
suggestive of myocarditis (Figure 4). Both LVEF and GLPSS
improved up to 63% and -22.4%, respectively, three months
after the initial assessment (Figure 2.B). The patient did not
wish to undergo a second CMR study.

During a two-year follow-up, the patient remained
completely asymptomatic with no signs or symptoms of
cardiovascular or malignant disease.

Discussion

We present a case where the diagnosis of SS was established
as two major and three minor Driesch criteria were identified.*

The idiopathic type was assumed since no recent drug intake
was reported and no signs of malignant disease were present.
Extracutaneous manifestations may occur, particularly in
association with malignancy."? Cardiovascular involvement
is extremely rare and up to this date, only two cases of
myocarditis have been reported in the idiopathic type, to our
best knowledge.?*® Both manifestations typically respond well
to corticosteroids.’

In this patient, the presence of transient chest
discomfort associated with Tnl elevation raised the
suspicion of cardiovascular involvement. Both AM
and acute myocardial infarction have been previously
described as cardiovascular manifestations.? Coronary
angiogram remains the gold standard for the diagnosis
of CAD’ or for its exclusion in case of suspected AM?
and was normal in this case. There is some evidence
that two-dimensional speckle tracking echocardiography
(2D-STE) may help support the diagnosis of AM since
GLPSS correlates with the presence of fibrosis and
oedema on CMR and with lymphocytic infiltrates on
endomyocardial biopsy (EMB).?'? In our case, the presence
of GLPSS reduction mainly at the expense of the mid-basal
segments, instead of the mid-apical segments (typical

Arq Bras Cardiol 2020; 115(1Suppl.1):6-9
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Figure 4 — Cardiovascular magnetic resonance imaging. (A) T1-weighted image demonstrating patchy subepicardial late gadolinium enhancement (red arrows) in the basal
portion of the inferior wall; (B) T2-weighted image presenting focal regions of increased signal intensity (yellow arrow) suggestive of slight oedema in the inferolateral wall.

pattern of significant CAD)," and the prompt response
to corticosteroids raised the likelihood of AM. Due to
clinical stability and the well-known limitations of EMB,
a CMR was later performed and suggested this diagnosis
according to the Lake-Louise criteria.®'? In fact, CMR
has emerged as a useful non-invasive diagnostic tool and
there is growing evidence that novel techniques, such as
T1 and T2 mapping, may improve its diagnostic accuracy
for myocarditis and help monitor disease evolution.®'*1>
Additionally, GLPSS normalized three months after
treatment, while the patient remained asymptomatic.

Final messages

The case we present emphasizes the importance of
acknowledging SS as a rare yet plausible cause of cardiovascular
disease, and one that should be early recognized in order to
start adequate treatment.

In this case, the diagnosis of AM was highly suggested by
the combination of non-invasive imaging modalities after CAD
exclusion. To our best knowledge, this was the first time CMR
was used to assess myocardial involvement in a patient with
SS and also the first to report the use of 2D-STE for evolution
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Introduction

The presence of a left bundle branch block (LBBB) in the
apparent absence of any other heart disease raises questions
and concerns about the stratification of the risk of subsequent
cardiovascular events or symptoms.’* The detection of LBBB in
asymptomatic adults, including athletes, is estimated to range
between 0.1% and 0.8%, which is more likely to represent a
structural heart disease rather than a physiological response
to exercise.® On the other hand, some studies have shown
that the mortality risk of patients with LBBB and heart disease
varies between 2.4% and 11% per year.’

Although several studies have suggested that exercise-
induced LBBB is usually associated with cardiovascular disease
and, particularly, coronary artery disease, there are contrasting
studies showing an association between exercise-induced
LBBB and normal coronary arteries.®”* However, exercise-
related cardiovascular adverse effects in LBBB with normal
resting cardiac function remains poorly defined.

This case report examined the relationship between
exercise, LBBB, symptoms and exercise capacity in a
younger woman, with typical LBBB and without history of
cardiovascular disease, who reported sudden anxiety and
shortness of breath during vigorous exercise, which can be
suggestive of cardiac disease, being referred for exercise
stress testing.

Case Report

A healthy 42-year-old woman with LBBB, who reported
sudden anxiety and shortness of breath during vigorous
exercise, and was referred for cardiopulmonary exercise
testing (CPX) to evaluate the unexplained symptoms. She was
not taking any medication and had no significant medical
history. She had no previous symptoms suggestive of cardiac
disease (chest discomfort, palpitations, fainting and angina).
She had no history of neuromuscular or pulmonary disease.
She did not smoke or drink alcohol. There was no family
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history of cardiac disease or heart attack. Over the previous
6 months, she had been exercising three times a week at the
gym. The exercise program consisted of sessions of at least 60
min of regular activity at moderate intensity, including aerobic,
muscle-strengthening, flexibility, and balance-strengthening
exercises. Her physical examination was considered normal,
her BMI was 21.5 kg/m? and her resting blood pressure was
110/70 mmHg. The resting electrocardiogram (ECC) showed
a sinus rhythm (SR) and heart rate (HR) of 70 bpm, with
the dominant feature of intraventricular block: prolonged
QRS complex (=0.12s) due to delayed activation of the
left ventricle, accompanied by a characteristic morphology
of the QRS complex.® Coronary computed tomography
angiography (CTA) was performed, which showed no deposits
of calcium and fatty material in the coronary arteries and no
stenotic coronary arteries. A complete blood count showed
normal results: her fasting glucose was 78 mg/dL, low-density
lipoprotein cholesterol (LDL-C) was 168 mg/dL, high-
density lipoprotein cholesterol (HDL-C) was 81 mg/dL, total
cholesterol was 159 mg/dL, lipoprotein(a) [Lp(a)] was 7 mg/dL,
triglycerides were 49 mg/dL and creatine phosphokinase (CPK)
was 26 U/L. The magnetic resonance imaging (MRI) of the
heart showed normal biventricular function, a left ventricular
ejection fraction of 65% and preserved dimensions, except
for an abnormal septal motion.

She underwent CPX on a treadmill. Throughout the CPX
phases, the 12-lead ECGC showed a SR (Figure 1). Blood
pressure measurements were in the normal range: at rest
(126/82 mmHg), peak exercise (160/90 mmHg) and recovery
stages (120/90 mmHg). She stopped the exercise due to
fatigue (RER=1.29). Peak oxygen consumption (VO,
= 27.1 ml/kg/min) and maximum heart rate (HRmax =
176 bpm) values obtained from CPX were normal for age
and gender, 95% and 102%, respectively. (https://www.
ahajournals.org/doi/10.1161/01.CIR.91.2.580) From stage
14 of the modified Balke protocol until test termination,
the CPX identified a decrease in VO, and in O, pulse (VO,/
HR, ml/bpm), and an increase in HR and dead space to tidal
volume ratio (Vd/Vt) (Figure 2). From this event, the minute
ventilation/carbon dioxide production relationship slope (VE/
VCO, slope) increased abruptly and was not accompanied by
hypoxia (Figure 2).

Discussion

To the best of our knowledge, we report for the first time a
younger woman with LBBB without apparent cardiomyopathy
and with unexplained symptoms during vigorous exercise
(decreased VO,, during CPX), which is suggestive of impaired
cardiac function in the face of cardiovascular stress. There were
no ECG abnormalities except for a LBBB. Heart rate reserve
and blood pressure were normal throughout the CPX test.
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Figure 1 - Cardiopulmonary exercise test at rest, during exercise and recovery. The black lines indicate the transition between these phases. A) green line - oxygen
consumption (VO Jkg, mifkg/min), red line - heart rate (HR, bpm), black line - oxygen pulse (O,-Pls, mi/opm) and blue line - respiratory coefficient (RQ); B) green line - minute
ventilation (VE, l/min), red line - respiratory rate (RR, bpm), black line - tidal volume (Vt, ml/min) and blue line - dead space to tidal volume ratio (Vd/Vt). C) Minute ventilation/
carbon dioxide production relationship slope (VE/VCO, slope). In the first part of the exercise, VE/VCO, slope is normal (21); from the event point during the exercise test, the
VENVCO, slope severely increased (49). Brown line arrow - event point.
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Figure 2 - Electrocardiogram demonstrating left bundle branch block: a resting rate of 75 bpm (A), a heart rate of 175 bpm during maximal exercise tolerance test (B)

and a heart rate 153 bpm in the first minute of the recovery period (C).

Exercise provides a useful tool for the indirect assessment
of cardiac functional reserve, from left ventricular
performance, the change from rest to peak exercise, and
can be limited in the presence of disease. In this context,
a drop in the cardiovascular pattern of VO, responses
may represent impaired cardiac output (CO) or impaired
peripheral oxygen extraction as is observed in heart
failure.’® On the other hand, in healthy individuals, the
level to which oxygen consumption and peripheral oxygen
extraction increase in response to exercise is much greater
compared to changes in stroke volume and similar to the
increase observed in HR.

Arq Bras Cardiol 2020; 115(1Suppl.1):10-13

The decrease in VO, and O, pulse, in spite of the increase
in HR, observed in this case, may indicate a possible cardiac
abnormality. We suggest that the asynchronous motion of
the left ventricle associated with delayed wall contraction can
reduce the left ventricular workload, resulting in a lower stroke
volume and indicating a decrease in cardiac output during
maximal exercise, despite the increase in HR.®'* This reduction
in left ventricular work by an apparent septal perfusion defect
during CPX can lead to energy loss and waste of myocardial
work, which may represent the hemodynamic impact of
asynchronous electrical activation of the myocardium during
LBBB,*'" and partly explain the drop of VO, observed during
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CPX. On the other hand, exercise-induced left bundle branch
block may be related or not to apparent cardiac abnormalities.
However, patients with this finding have significantly higher
all-cause mortality rates compared to those without exercise-
induced left bundle branch block."

This apparent decrease in cardiac function during exercise
may be due to a transitory decrease in stroke volume, probably
related to worsening left ventricular (LV) function associated with an
abrupt increase in the VE/VCO, slope, giving rise to a higher dead
space to tidal volume ratio and an early increase in the respiratory
rate, as compensatory mechanisms."*>'% This disturbance in
pathophysiology is linked with LV dysfunction, caused or worsened
by LBBB, may indirectly lead to right ventricular dysfunction
through increased left-sided filling pressure, causing changes in
the function of the lungs’ airways, and to the development of
abnormal gas exchange due to alveolar-capillary dysfunction.**
In addition, a higher VENVCO, slope is suggestive of secondary
pulmonary hypertension, as a consequence of another primary
condition, such as heart failure or pulmonary disease.**

Consideration

Cardiopulmonary exercise testing in LBBB, in the
absence of other heart diseases, should be considered as a
technique to evaluate the exercise capacity in patients with
unexplained symptoms.
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An Unusual Pacemaker-Induced Tachycardia
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Case Report

A 29 year-old female patient with double inlet left
ventricle, ventricle septal defect, malposition of the great
arteries and subpulmonary obstacle, submitted to a modified
Fontan procedure, at 9 years of age, presented with severely
symptomatic brady-tachy syndrome (palpitations and
syncope). Since venous access to the right ventricle was
absent (due to the surgical redirection of venous blood flow
from the right atrium to the pulmonary artery bypassing
the ventricles) and the AV conduction was normal, it was
decided to implant a permanent atrial pacemaker. A single
active fixation lead was placed in the right atrial lateral wall,
due to suboptimal pacing threshold in the atrial appendage.
Due to concerns that either the progression of the conduction
system disease or the effect of heart rate-slowing medication
could lead to AV conduction disease, which would require an
epicardial lead later on, a Sorin Reply 200 DR pulse generator
with a plug in the ventricular port was used. The day after
the procedure, the patient complained of palpitations. Figure
1 shows the ECG tracing performed.

The ECG reveals a repetitive cycle of an atrial paced
beat (Ap) and an atrial intrinsic beat (Ai) each followed by
a ventricular intrinsic beat (Vi). The Ap-Ap interval is 1000
ms, which is in agreement with the programmed lower rate
limit (60 beats per minute). The Ai-Ai interval is also 1000
ms and the Ap-Ai interval is 480 ms, which amounts to a
mean effective ventricular rate of 120 bpm. The intrinsic AV
interval is 180 ms. There was clearly an undersensing of every
other atrial beat. After interrogation of the device, although
pacing and sensing threshold were adequate, it was noted
that the pacemaker was still in factory settings, in DDD mode
instead of the patient’s appropriate AAl mode. Figure 2 shows
a reproduction of the intracardiac electrograms overlaying
the presenting surface ECG.

In the atrial channel, an Ap is followed by an atrial intrinsic
beat in the refractory period (Ar), followed again by an Ap. As
mentioned before, the ventricular port on the generator was
plugged and it was not possible neither to sense nor to pace
the ventricle. As such, the ventricular paced beats (Vp) are
inconsequential with respect to actual ventricular activation.
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Programmed parameters were: lower rate limit (LRL) 60
bpm; upper tracking rate 120 bpm; post-ventricular atrial
refractory period (PVARP) 280 ms; paced AV delay 220 ms.

In a DDD pacemaker, after an Ap, a paced AV delay is
started, after which there is either a sensed Vi or a Vp. In
these cases, even though there is a Vi through intrinsic nodal
conduction, there is no ventricular lead to sense this event.
The AV delay is then followed by a Vp that, for the same
reason, has no representation in the surface ECG. After the
Vp, the post-ventricular atrial refractory period (PVARP)
starts. Its main role is to prevent the sensing of retrograde P
waves that might trigger a pacemaker mediated tachycardia.
The initial component of the PVARP is occupied by the
post-ventricular atrial blanking (PVAB), which is absolutely
refractory. Beyond the PVAB, the period is relatively
refractory. During the PVARP, atrial events are sensed and
identified as refractory (Ar) on the event marker channel,
though it does not modify the synchronization of the pacing
intervals." Thus, the next Ai does not trigger an AV delay and a
Vp, as it falls in the PVARP, but is recorded in the intracardiac
electrogram as Ar. This Ai is followed by a Vi through intrinsic
nodal conduction, which, again, is not sensed. The next Ap
is triggered after the ventriculo-atrial (VA) interval starting at
the last Vp to maintain the lower rate limit at 60 bpm (in this
case, 780 ms). After correctly programming it to AAl mode,
the ECG shown in Figure 4 was obtained. It reveals Ap beats
at 60 bpm, each followed by a Vi with no intervening Ai.

This unusual kind of “pacemaker-induced tachycardia” is
only possible because of the simultaneous occurrence of a
set of conditions. Firstly, a pacemaker with a single atrial lead
was programmed in a DDD mode. This mode initiated an
AV delay after Ap and a PVARP after the Vp. The next Ai is
then sensed during the refractory period and does not reset
the pacing intervals. Secondly, the absence of a ventricular
lead also precludes the Vi after the Ar to be sensed and reset
the VA interval. Thirdly, the patient’s intrinsic rhythm during
this period is timed to occur before the end of the programed
PVARP, so that this interval prevents it from being sensed
outside the refractory period. Lastly, the patient’s intact
AV conduction allows for all Ap and Ar to be conducted
to the ventricle and the rate to rise to 120 bpm. Another
reported case depicts a similar problem, in which a single
atrial lead programmed in DDD mode fails to recognize an
episode of atrial tachycardia.? Careful programming and
deep understanding of pacing functions are crucial for the
management of these patients.
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Figure 1 - ECG after pacemaker implantation. Repetitive cycle of an atrial paced beat and an atrial intrinsic beat both followed by a ventricular intrinsic beat.
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Figure 2 - Reproduction of the intracardiac atrial and ventricular electrograms overlaying lead | of the presenting surface ECG. A: atrial channel. Ap: atrial paced event.
Ar: atrial event sensed in the refractory period. V, ventricular channel. Vi, intrinsic ventricular event. Vp, ventricular paced event.

Arq Bras Cardiol 2020; 115(1Suppl.1):14-17

15



16

Cruz et al.
An Unusual Pacemaker-Induced Tachycardia

Case Report

1
] 1
1 H 1
Ar Ap .lir Ap
N
| !
! ;
v ] | ; |
! I i | I
1 le 1 H Vp
1 ] H i 1
I L
1
i i
L
1 L 1 ]
p ; I I ]
[ 1 1
] TARP I H I
I
] I

Figure 3 - Representation of the pacing intervals of the pacemaker in DDD mode. A, atrial channel. Ap, atrial paced event. Ar, atrial event sensed in the refractory
period. AVD, AV delay. LRL, lower rate limit. PVAB, post-ventricular atrial blanking. PVARP, post-ventricular atrial refractory period. TARP, total atrial refractory period. V,
ventricular channel. VA interval, ventriculo-atrial interval. Vi, intrinsic ventricular event. Vp, ventricular paced event.

Figure 4 — Reproduction of the intracardiac atrial and ventricular electrograms overlaying lead | of the surface ECG after reprogramming of the pacemaker. A, atrial
channel. Ap, atrial paced event. V, ventricular channel. Vi, intrinsic ventricular event.

Arq Bras Cardiol 2020; 115(1Suppl.1):14-17



Cruz et al.
An Unusual Pacemaker-Induced Tachycardia

Case Report

Potential Conflict of Interest

No potential conflict of interest relevant to this article
was reported.

Sources of Funding

There were no external funding sources for this study.

References

1. Kenny T. The Nuts and Bolts of Implantable Device Therapy Pacemakers.

Hoboke(N)): W iley-Blackwell; 2015.

Study Association
This study is not associated with any thesis or dissertation work.

Ethics approval and consent to participate

This article does not contain any studies with human
participants or animals performed by any of the authors.

1. Nobheria, A, Friedman, PA, Asirvatham, SJ, McLeod, CJ. Dual chamber pacing
mode in an atrial antitachycardia pacing device withouta ventricular lead - A
necessary evil. Indian Pacing and Electrophysiology ] 2015;15(2):133-7.

m' This is an open-access article distributed under the terms of the Creative Commons Attribution License

Arq Bras Cardiol 2020; 115(1Suppl.1):14-17

17



18

Case Report

O D)

Os . W
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Introduction

Cerebrotendinous xanthomatosis (CTX) is an autosomal
recessive disease characterized by the formation of
xanthomatous lesions in many tissues, particularly the
brain and tendons.” The disorder is a consequence of
the reduced production of bile acids, predominantly
chenodeoxycholic acid (CDCA), and an increased formation
of cholestanol.? Common clinical manifestations include
infant-onset diarrhea and juvenile-onset bilateral cataract,
usually followed by tendon xanthomas and progressive
neurological dysfunction.? The final diagnosis is based
on biochemical abnormalities, including elevated plasma
cholestanol level and increased levels of bile alcohol in
urine associated with a diminished biliary concentration of
CDCA.* The treatment is based on oral supplementation of
CDCA, which, if initiated early, can prevent major clinical
problems, as it produces a reduction in cholestanol synthesis
and plasma levels.?

Cardiovascular impairment in patients with CTX is mostly
associated with premature atherosclerosis.* Blood lipid
analysis in patients with CTX revealed dramatically high
levels of 27-hydroxycholesterol and low levels of high-
density lipoprotein cholesterol (HDL), which place these
patients at a high risk of cardiovascular disease.’

Spontaneous coronary artery dissection (SCAD) is defined
as a non-traumatic separation of the coronary arterial wall,
creating a false lumen, which leads to blood flow reduction.®
Although there are other systemic conditions that make the
coronary vessel wall vulnerable to this condition, in patients
with atherosclerotic coronary artery disease, the rupture of
a thin-cap fibroatheroma might lead to SCAD.”

We describe a case report of a patient diagnosed with
CTX who showed cardiac impairment due to SCAD.
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Case report

In 2013, a female patient, 22 years old, reported a history
of xanthomas in the Achilles tendon and complex partial
epileptic crisis for the last 10 years. She developed progressive
difficulty in learning and walking skills. Associated to this
clinical presentation, she reported a history of bilateral surgery
for cataract when she was 14 years old and steatorrhea.

On physical examination, xanthomas were observed mostly
on the region of the Achilles tendon, bilaterally, but also on
the right elbow and knee (Figure 1). The neurological exam
showed mild dysmetria and dysdiadochokinesia, difficulty
performing the straight line walking test, and bilateral and
symmetric patellar hyperreflexia. There was no abnormality
on strength or sensitivity exams.

The magnetic resonance imaging of the brain showed a
focal area of 1.4 c¢cm, with hypersignal in T2-weighted and
hyposignal in T1-weighted sequences, with no contrast
enhancement. The transthoracic echodopplercardiogram
found a moderate left ventricular dilatation and regional
dysfunction, resulting in a moderate impairment in its systolic
function, and a mild mitral regurgitation. The abdominal
ultrasound showed cholelithiasis.

The patient, therefore, had clinical and radiological findings
compatible with CTX. The diagnosis was confirmed by an
elevated serum cholestanol level of 31.79 mcg/mL. She started
the treatment with CDCA in the same year.

In 2017, she was submitted to a new cardiovascular
examination. A cardiac magnetic resonance imaging was
performed and showed a dilated left ventricle, associated
with mild left ventricular dysfunction (left ventricular ejection
fraction = 47%), as a consequence of akinesia of the inferior
medium-basal wall and dyskinesia in the anterior and anterior-
septal walls of the left ventricle. These regions showed
perfusion impairment in the gadolinium-based dynamic
evaluation and the presence of transmural late gadolinium
enhancement (Figure 2).

The coronary computed tomographic angiography detected
severe parietal irregularity in the proximal third of the anterior
descending coronary artery (LAD) with luminal reduction of
50%, which suggested the presence of a noncalcified plaque
or dissection of the artery (Figure 3).

The latter was confirmed by coronary angiography and
intracoronary ultrasound, which showed a dissection in the
medial and proximal thirds of the LAD, with no impairment
of the distal flow (Figure 4).

At the time of diagnosis, her lipid panel was: total
cholesterol 170 mg/dL; high-density lipoprotein cholesterol
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Figure 1 - Xanthomas observed on the region of the right Achilles tendon and on the right knee.

Figure 2 — Magnetic resonance imaging showing transmural late gadolinium enhancement (arrows) of the inferior medium-basal, anterior and anterior-septal walls of the

left ventricle in four-chamber (A) and two-chamber views (B).

(HDL-C) 47 mg/dL; low-density lipoprotein cholesterol
(LDL-C) 101 mg/dL; triglycerides 108 mg/dL.

Based on these findings, the patient was started on
cardiovascular therapy with Ramipril 10 mg per day, Aspirin
100 mg per day, Carvedilol 6.25 mg twice a day and
Rosuvastatin 10 mg at bedtime, associated to the maintenance
of the oral bile acid supplementation with CDCA.

Discussion and Conclusions

Cerebrotendinous xanthomatosis is caused by a homozygous
mutation of the mitochondrial enzyme sterol 27-hydroxylase
(CYP27), which leads to a number of systemic manifestations.®
The diagnosis is established upon recognition of these
symptoms and the finding of elevated plasma cholestanol,

and, if possible, a definitive diagnosis is obtained through the
molecular analysis of CYP27A1 gene.”'® In the present case,
the diagnosis of CTX was established based on the strong
symptomatology associated with plasma cholestanol levels,
which were very similar to the mean serum concentrations
found in other studies (31.79 mcg/mL).*™°

Cardiac manifestations are less remarkable
and present mostly as severe coronary disease, including
myocardial infarction, angina pectoris, coronary artery
disease and ischemic changes on the electrocardiogram.>""
Subsequently, two large studies carried out by Duell et
al.’® and Sekijima et al.” demonstrated the presence of
cardiovascular disease associated to CTX only in 7% and
20% of their patients, respectively. In this case report, we
studied a patient with CTX who developed coronary artery
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Figure 3 — Multiplanar reformation of coronary computed tomographic angiography, detecting a severe parietal irregularity in the proximal third of the anterior descending
coronary artery, which suggested the presence of a noncalcified plaque or dissection of the artery (arrow).

Figure 4 - A - Coronary angiography of left coronary showing dissection in the proximal and medium third of left anterior descending artery (arrow). B- Intracoronary

ultrasound showing double-lumen sign in the left anterior descending artery (arrow).

disease due to SCAD. Although several specific clinical
situations, including fibromuscular dysplasia and pregnancy,
have been mostly associated with SCAD, atherosclerotic
conditions may be as well related to the pathogenesis of
this disease.® As the CTX predisposes to the development of
premature atherosclerosis and there are a few studies that
report coronary artery disease associated to atherosclerotic
thromboembolism,’ there is evidence that the SCAD in
the reported case was also associated to an atheromatous
plaque formation. As far as the authors could investigate,

Arq Bras Cardiol 2020; 115(1Suppl.1):18-21

this is probably the first case in the literature demonstrating
the association between CTX and SCAD.
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A Case of Acute Myocardial Infarction and Pericarditis Unmasking
Metastatic Involvement of the Heart

Sofia Torres,’
Centro Hospitalar Universitdrio de Sdo Jodo," Porto — Portugal

Introduction

Metastases to the heart and pericardium are much more
common than primary cardiac tumors and are generally
associated with a poor prognosis.”?> While they are most
commonly asymptomatic, cardiac metastases can mimic
primary cardiac diseases such as acute coronary syndromes,
congestive heart failure and pericarditis.** Lung cancer is the most
frequent source of metastatic cardiac disease, either from direct
extension or by a combination of lymphatic, hematogenous, and
transvenous dissemination.*®

Case Report

We present a case of a 62-year-old male patient who had
a medical history of hypertension and dyslipidemia and was a
current smoker. He was first admitted to the hospital due to a
lateral wall ST-segment elevation myocardial infarction (STEMI).
Emergent coronary angiography (performed 2 hours after the
onset of chest pain) revealed an 80% stenosis of the mid left
anterior descending coronary artery (LAD), a total occlusion of
the Dg1 (first diagonal branch of the LAD) on its ostium and a
distal 70% stenosis of the left posterolateral branch of the left
circumflex coronary artery (PL). Angioplasty with drug eluting
stent (DES) implantation in the LAD and balloon dilatation of
the Dg1 was performed. Percutaneous coronary intervention
with DES implantation in the PL was conducted a few days later.

The transthoracic echocardiogram (TTE) showed preserved
biventricular systolic function with anterior and lateral wall
motion abnormalities. The patient remained asymptomatic
afterwards and was discharged home.

Two months after discharge, the patient was readmitted
due to pleuritic chest pain, abnormal ECG showing diffuse
upward concave ST-segment elevation and elevated C-reactive
protein (199 mg/L) and high-sensitive troponin | (2953 ng/L).
The TTE exhibited preserved biventricular systolic function with
the previously reported wall motion abnormalities and mild
pericardial effusion. Based on this presentation, the diagnostic
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hypotheses raised were Dressler syndrome versus other causes
of pericarditis with associated myocardial injury.

A cardiac magnetic resonance imaging (cMRI) was performed
for further evaluation, which revealed an intrapericardial
elongated mass (measuring 25 x 13 x 40 mm) adjacent to the
basal anterior and anterolateral segments and in close contact
with the LAD stent (Figure 1). This mass had isointense signal
intensity on T1-weighted images, high signal intensity on T2-
weighted images, first-pass perfusion, and heterogeneous late
gadolinium enhancement (LGE). Subendocardial LGE in the
mid-basal anterior and anterolateral segments confirmed the
previous infarction in the LAD territory. Contrast-enhanced
pericardium was also noted, due to inflammatory activity.

Atfirst, these findings raised concerns about a complication
of the previous endovascular procedure involving the LAD
artery, such as coronary dissection or perforation with an
organizing hematoma. A new coronary angiography showed
persistence of the good result regarding the LAD stent, with
no signs of procedure complications. A neoplastic origin of the
mass was then suspected. A thoracic computed tomography
(CT) was performed and unveiled a suspicious lesion in the left
hilum, just next to the left superior lobe bronchus with invasion
of the left superior pulmonary vein (Figure 2). A biopsy of the
left pulmonary lesion revealed a carcinoid tumor of the lung.

The presence of lymphadenopathy and pleural nodules
pointed toward a metastatic nature of the mass adjacent to the
LAD. High sensitive troponin elevation was interpreted as related
to myocardial infiltration. Despite the presence of atherosclerotic
disease in other coronary arteries, the hypothesis of external
compression of the LAD by the metastatic mass as a contributor
to the previous lateral wall STEMI could not be excluded.

The final diagnosis was a primary lung malignancy with
secondary involvement of the heart.

Further investigation later unveiled widespread metastatic
disease with bone, parotid gland, pancreatic and brain
involvement and the patient started on targeted chemo- and
radiotherapy. At two years of follow-up, the patient is free
from cardiac symptoms and events and remains on palliative
chemotherapy.

Conclusion

Symptoms related to metastatic heart disease, which can
be nonspecific and mimic other cardiac disorders such as
coronary artery disease or pericarditis, can rarely be the first
manifestation of a previously unknown malignancy. Whereas
echocardiography is the most frequently used imaging method
to examine the heart and pericardium, multimodality imaging
with ¢cMRI and CT offers advantages in the diagnosis of
metastatic heart disease,®” as was demonstrated in this case.
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Figure 1 - cMRI (A) (B) b-SSFP cine images revealing an elongated mass (measuring 25 x 13 x 40 mm) adjacent to the basal anterior and antero-lateral segments and
in close contact with the LAD artery stent. (C) High intensity signal on T2-weighted images. (D) Isointense signal intensity on T1-weighted images. (E) First pass perfusion
of the mass. (F) LGE with heterogeneous appearance of the mass and diffuse contrast-enhanced pericardium.

N

Figure 2 - Thoracic CT (A) (C) Suspicious pulmonary lesion (*) in the left hilum, just next to the left superior lobe bronchus with invasion of the left superior pulmonary
vein. (B) Metastatic mass in close contact with the LAD stent traducing secondary involvement of the pericardium.
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Case Report

A Complicated “One Segment” Myocardial Infarction: The Role of

Cardiovascular Imaging
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Introduction

The incidence of mechanical complications (MC) after
myocardial infarction (M) was reduced to less than 1% with
the routine use of primary reperfusion therapies." MC are
classified as early, including acute and subacute forms, and
late or chronic.? The former mostly present as cardiogenic
shock? and the latter may vary from asymptomatic to sudden
death.? As all of these conditions may have potentially lethal
consequences, timely diagnosis and treatment is necessary."-

Case Report

A 57-year-old woman with smoking habits was admitted
to the Emergency Department with oppressive anterior
chest pain, nausea, and vomiting. Four days earlier, the
patient reported similar symptoms with hours of evolution
but spontaneous relief. Upon admission, she was conscious
and maintained chest pain. Medical examination revealed
hypotension, tachycardia, polypnea, and signs of decreased
peripheral perfusion.

A 12-lead electrocardiogram showed sinus tachycardia
with a 4 mm ST-segment elevation in DI and aVL leads,
and a 4 mm ST-segment depression in inferior leads.
Additional work-up revealed lactic acidosis, elevated systemic
inflammatory parameters, and increased myocardial necrosis
markers. Transthoracic echocardiogram (TTE) demonstrated
a hypertrophic and non-dilated left ventricle with lateral
hypokinesia, but with preserved systolic function; a moderate
pericardial effusion with partial diastolic collapse of the right
cavities; and a dilated inferior vena cava without respiratory
variation (Figure 1; Video 1). There were no significant valvular
findings and the aortic root and arch were normal.

Due to suspicion of subacute ST-elevation myocardial
infarction (STEMI) complicated by left ventricular (LV) free
wall rupture (FWR), no anti-thrombotic medication was
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administered, and the patient was submitted to an invasive
coronary angiography (ICA) and ventriculography (Video 2).
A 90% stenosis of the posterolateral branch was observed,
although apparently no occlusive lesion, ventricular rupture
or segmental wall motion abnormalities were found.

After angiography, her clinical status worsened. Cardiac
tamponade was admitted and an emergency percutaneous
pericardiocentesis was performed with drainage of 200
mL of hematic fluid with no spontaneous coagulation,
resulting in global improvement (Figure 2). Fluid analysis
revealed an exudate and normal adenosine deaminase.
Microbiological analyses were negative and the cytological
test did not reveal neoplastic cells. In order to determine
the effusion aetiology, viral serologies, autoimmunity, and
thoracoabdominal-pelvic computed tomography were also
performed with normal results.

Given the absence of a specific diagnosis, a cardiac
magnetic resonance imaging (CMR) was performed eight
days after hospital admission. It revealed dyskinesia of the
mid-segment of the lateral wall in the cine sequences,
transmural hyperintense sign in the T2-weighted short-tau
inversion recovery images (Figure 3A and 3B) — compatible
with oedema — and late transmural enhancement (Figure 3C
and 3D) — suggesting myocardial necrosis — of this segment.
These findings were compatible with subacute MI of the
mid-segment of the lateral wall with no apparent viability.
Moreover, the absence of myocardial tissue between the mid-
segments of the lateral and inferolateral walls was observed,
surrounded by a small saccular protuberance with a narrow
neck, suggesting a pseudoaneurysm at that location (Figure
3E and 3F; Video 3).

Thus, the initially suspected diagnosis was confirmed:
subacute STEMI complicated with LV FWR that evolved to
cardiac tamponade and posteriorly to a pseudoaneurysm
formation. Due to the risk of fatal complications, the
patient was submitted to cardiac surgery. With no need for
cardiopulmonary bypass, a coronary artery bypass grafting
with saphenous vein graph to the posterolateral artery and
a pseudoaneurysm plication were performed. Currently, she
is asymptomatic.

Discussion

FWR is an uncommon and early MC of MI, with a reported
incidence of less than 1%.? There are two clinical groups:
the “blow-out type” (complete or acute rupture) with a
macroscopic defect and high-volume bleeding, leading to
cardiac tamponade; and the “oozing type” (incomplete or
subacute rupture) without an obvious bleeding source and
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Figure 1 - Transthoracic echocardiogram. (A) Parasternal long-axis and (B) Parasternal short-axis views showing a mild hypertrophic and non-dilated left ventricle; (C)
Apical 4-chamber view showing a partial collapse of right cavities and a lateral hypokinesia but preserved systolic function of the left ventricle; (D) Subcostal view showing
a dilated inferior vena cava, with no respiratory size variation. The yellow arrow indicates a moderate pericardial effusion. LV: left ventricle; LA: left atrium; Ao: Ascending
aorta; RV: right ventricle; RA: right atrium;, IVC: inferior vena cava

e il

Figure 2 - Drainage system of percutaneous pericardiocentesis with around 200 mL of hematic pericardial fluid.

26 Arq Bras Cardiol 2020; 115(1Suppl.1):25-30



Pereira et al.
A complicated “one segment” myocardial infarction

Case Report

Figure 3 - Cardiac magnetic resonance imaging. (A) Four-chamber and (B) short-axis views, T2-weighted short-tau inversion recovery (STIR) images, showing
transmural hyperintense sign of the mid-segment of the lateral wall compatible with oedema; (C) Four-chamber and (D) short-axis views, late gadolinium enhancement
images, showing contrast enhancement of the same segment, suggesting myocardial necrosis; (E) End-diastolic and (F) end-systolic phases, steady-state free
precession (SSFP) cine images, showing dyskinesia of the mid-segment of lateral wall and a saccular protuberance suggesting a pseudoaneurysm (yellow arrow).

slow blood accumulation.? The latter type corresponds to up
to one-third of the cases and can progress to complete rupture
or pseudoaneurysm formation.™ In both types, immediate
surgery is vital, as FWR has a mortality rate ranging between
60 and 96%.*

LV pseudoaneurysm formation is an even rarer MC, with
a reported prevalence of 0.05%.>° It is a late consequence
of an undiscovered or unoperated LV FWR, formed when
the myocardial rupture is contained by an adherent layer of
pericardium, scar tissue or clot formation.? As a result, the
initial event is typically self-limited and bleeding causes an
hemopericardium not manifested by cardiac tamponade.?
Urgent surgery is indicated as untreated pseudoaneurysms
have a 30 to 45% risk of rupture and a mortality rate of 50%.%*

In the reported clinical case, an atypical form of incomplete
or subacute LV FWR resulting in both cardiac tamponade and
pseudoaneurysm formation was described.

Concerning diagnosis, TTE is the cornerstone for the initial
evaluation of MC following MI.? Pericardial effusion is the
main echocardiographic finding in LV FWR.” However, in
cases of pseudoaneurysm, TTE is diagnostic in only 26% of

patients and the gold standard method, for its identification
is ventriculography.® When pseudoaneurysm diagnosis cannot
be established by any of the previous methods, CMR is a
reliable alternative, as illustrated by the presented case report.
It accurately identifies pseudoaneurysms and distinguishes
them from true aneurysms.”"" Pseudoaneurysms, or false
aneurysms, commonly involve lateral or inferior walls; they
have no myocardial elements and are characterized by a
narrow neck (ratio of the maximum diameter of the orifice to
the maximum internal diameter of the cavity of 0.25-0.5) and
an abrupt transition from normal myocardium to the defect.”"
True aneurysms are more common in apical, anterior or
anterolateral locations; contain elements of myocardium
and include a wide neck (diameters ratio of 0.9-1.0) and a
smooth transition from normal to thinned myocardium.>'" The
previous differentiating features presented in the CMR were
crucial for the final diagnosis of our patient.

Emergency pericardiocentesis also enables the diagnosis
of the LV FWR, when an hemopericardium is present. In
these cases, spontaneous coagulation of pericardial fluid is
usually observed, due to the overwhelming of the fibrinolytic
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Video 1 - Transthoracic echocardiogram, four-chamber view, showing a non-dilated left ventricle with lateral hypokinesia and a moderate pericardial effusion with partial
diastolic collapse of right cavities.
Access the video here: https://bit.ly/2YAoPYU

Video 2 - Ventriculography showing no apparent ventricular rupture or segmental wall motion abnormalities.
Access the video here: https://bit.ly/2YAoPYU
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Video 3 - Cardiac magnetic resonance imaging, steady-state free precession cine images, sequentially short-axis, four-chamber and three-chamber views, showing
dyskinesia of the mid-segment of the lateral wall and a saccular protuberance between the mid-segments of the lateral and inferolateral walls, suggesting a pseudoaneurysm.

Access the video here: https://bit.ly/2YAoPYU

and anticlotting activities of the pericardial mesothelium.' Its
absence does not exclude the diagnosis, but other causes must
be considered,'? as illustrated by the reported clinical case.

Finally, no immediate reperfusion therapy was performed
on this patient, since ICA did not show any apparent
occlusive lesion. Hemodynamic stabilization was the priority.
Later, despite the lack of viability of the involved segment
demonstrated by CMR, the posterolateral branch was
revascularized as it was considered responsible for perfusion
of non-necrotic segments.

Conclusion

This clinical case demonstrates an extremely rare MC
following MI: an atypical form of incomplete or subacute LV
FWR resulting in both cardiac tamponade and pseudoaneurysm
formation. It also illustrates how difficult it can be to establish
the differential diagnosis of chest pain with hemodynamic
instability, and the etiology of a cardiac tamponade. Ultimately,
it highlights the versatility and increasing applicability of CMR.
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Case 4/2020 - Prolonged Time (38 Days) of Bilateral Pleural
Effusion after Cavopulmonary Surgery, Relieved by Embolization of
Systemic-Pulmonary Collateral Vessels, in a 40-Month-Old Child with

Complex Heart Disease
Edmar Atik,"™ Raul Arrieta, Fernando Antibas Atik

Hospital Sirio Libanés de Sdo Paulo, Sao Paulo, SP — Brazil

Clinical Data

The fetal diagnosis of complex cardiac anomaly (Double-
outlet right ventricle, severe pulmonary stenosis due to
anterior deviation of the infundibular septum, trabecular
interventricular septal defect and hypoplasia of the left ventricle
and mitral valve) was confirmed shortly after birth with severe
hypoxia, relieved by prostaglandin E1 administration and
dilation of the ductus arteriosus by percutaneous stent. With
the recurrence of more severe hypoxia, the bidirectional
Glenn operation was performed at 9 months of age. Good
patient evolution was observed up to 39 months, when total
cavopulmonary (Fontan) operation was performed due to the
recurrence of hypoxia with 70% oxygen saturation. The patient
received propranolol and ASA up to the last intervention.

Physical examination: good general status, eupneic,
marked cyanosis, normal pulses in the 4 limbs. Weight:
16.35 Kgs, Height: 91 cm, BP: 90 x 60 mm Hg, HR: 116 bpm,
O, Sat: 70%, Hg = 15.5 g, Hct = 55%.

Precordium: nonpalpable ictus cordis, without systolic
impulses. Muffled heart sounds, without murmurs.
Nonpalpable liver. Clear lungs.

Complementary Examinations

Electrocardiogram: Sinus rhythm, with right ventricular
overload.

Chest x-ray: Cardiac area was normal with a cardiothoracic
index of 0.47. The pulmonary vascular network was normal.
(Figure 1).

Echocardiogram: situs solitus in levocardia, concordant
atrioventricular connection and Double-outlet right ventricle
connected with the anterior aorta, large interatrial septal
defect, unrelated trabecular interventricular septal defect,
measuring 8 mm in diameter and 4 mm effective area due
to subvalvular tissue protrusion causing turbulent flow and
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Defects,Ventricular; Pulmonary Valve Stenosis.
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with a 22 mmHg interventricular pressure gradient, normal
tricuspid valve and dysplastic mitral valve with thickened
and redundant leaflets. The mitral valve chordae tendineae
passed through the ventricular septal defect (VSD) towards
the pulmonary subvalvular region. The pulmonary valve was
thick and small, without anterograde flow, with functional
atresia. The aortic valve had a good opening and measured
16 mm, while the ascending aorta measured 17 mm. The right
ventricle measured 22 mm and the wall hypertrophy was 7
mm. Biventricular contractility was normal.

Cardiac Catheterization: It showed similar pressures (10
mm Hg) in the superior vena cava and the pulmonary arterial
tree. The pressure in the atria was 5 mmHg. Angiography
in the innominate vein highlighted, in addition to the good
connection of the superior vena cava in the right pulmonary
artery, a well-developed pulmonary tree without obstructions.
The venous return through the pulmonary veins showed good
ventricular contractility and well-defined cardiac anomaly.

Clinical Diagnosis: Double-outlet right ventricle,
severe pulmonary stenosis due to anterior deviation of the
infundibular septum, trabecular interventricular septal defect
and hypoplasia of the left ventricle and mitral valve, with
bidirectional Glenn and marked hypoxia.

Clinical Reasoning: There were clinical elements leading
to an arterial malposition diagnosis due to the markedly
muffled heart sounds. Marked pulmonary stenosis was made
evident by the absence of heart murmurs. There was no
clinical evidence for the diagnosis of left ventricular hypoplasia
because the functional dynamics behaved as in the situation of
double outlet right ventricle with interventricular septal defect
and pulmonary stenosis. The diagnosis was well established
by the echocardiography.

Differential Diagnosis: In a hypoxic patient without
significant murmur and with muffled heart sounds, a
wide range of anomalies are included in the differential
diagnosis. The main ones are the transposition of the great
arteries, a single right or left ventricle and pulmonary atresia
with interventricular septal defect. The diagnosis in these
circumstances is always established by echocardiographic
images.

Conducts: It was known from birth that the most adequate
approach would be directed at total cavopulmonary surgery,
which became necessary given the progression of hypoxia
from the age of three. Preliminary data before the functional
corrective surgery presumed a good later evolution. However,
the patient evolution showed exaggerated bilateral pleural
effusion that lasted 38 days, despite treatment with albumin
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Figure 1 - Chest x-rays in the postoperative period of cavopulmonary surgery in complex heart disease. The two images on the left depict the pleural effusions and the one
on the left shows after the placement of arterial coils and plug in the demonstration of the normal and hypertrophic cardiac area.

(6 to 8 g/ kg / day), furosemide (4 mg/ kg / day), sildenafil
(3 mg / kg / day) day), spironolactone (2 mg / kg / day)
and water restriction. The bilateral pleural effusion was
exaggerated and corresponded to a volume of 300 to 500 mL
per day, in a persistent manner. Due to infection in pleural
fluids, the patient received antibiotics that did not solve the
persistent problem. On the 34" postoperative day, cardiac
catheterization was performed. The mean pulmonary pressure
was 16 mmHg. In the arterial angiography, 4 discrete points
of systemic-pulmonary vessels’ connection were detected,
sparsely distributed in the 2 lungs, coming from the internal
thoracic arteries and the descending aorta. They did not cause
increased saturation in the pulmonary arteries, but they were
still closed by coils and an Amplatzer arterial plug (Figure
2). Four days after the interventionist catheterization, the
interruption of pleural drainages was observed, followed by the
consequent removal of chest drains on the 39" postoperative
day. The patient was discharged on the 41 postoperative day.

Arq Bras Cardiol 2020; 115(1Suppl.1):31-33

Comments: The postoperative evolution of the
cavopulmonary operation has many surprises, even in
patients with all the adequate parameters of ventricular
function, size of the pulmonary arteries, pulmonary pressure
and resistance, among the main ones. The formation
of systemic-pulmonary fistulas seems to occur almost
immediately due to the difference in pressures that are
established between arterial systems. Even if they do not
seem so exuberant, their embolization is necessary, especially
when the pleural effusion is persistent and there is no other
evident cause. In this case, the long post-operative time that
allowed for the expected accommodation of the pulmonary
flow in the context of its arterial and venous tree counts as
another favorable factor. The literature shows no cases with
a longer duration of pleural effusion. Other procedures in
similar cases include fenestration, pleurodesis, thoracic duct
ligation and Fontan takedown'2.
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Figure 2 — Placement of arterial coils and plug for the closure of systemic-pulmonary vessels on the 38" postoperative day of the cavopulmonary surgery. In A, the fistula
from the descending aorta to the right lung, in B and D from the right internal thoracic artery to the right lung, and in C, from the left thoracic artery to the left lung and in E,
the arterial coils and plug after the entire procedure. The previous chest x-rays (with pleural effusion) and subsequent one (without pleural effusion), after the procedures.
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Case 5/2020 - Corrected Transposition of the Great Arteries,
with Good Natural Evolution in a 65-Year-Old Woman
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Instituto do Coragao do Hospital das Clinicas da Faculdade de Medicina da Universidade de Sdo Paulo,” Sao Paulo, SP — Brazil

Clinical data

The patient evolved without symptoms, doing her
usual activities of daily living, such as housekeeping
and dressmaking, when total atrioventricular block was
identified during a routine evaluation with a heart rate of
66 bpm. At this time, a diagnosis of corrected transposition
of the great arteries was made through the echocardiogram,
with mild left atrioventricular valve regurgitation.
Due to insufficient chronotropism and binodal disease,
an atrioventricular pacemaker was placed on the right
when she was 59 years old. She remained asymptomatic
using antihypertensive medication, amlodipine, enalapril
and hydrochlorothiazide. She denied any symptoms such
as palpitations, chest pain or fatigue.

Physical examination: good overall status, eupneic, acyanotic,
normal pulses in the four limbs. Weight: 61 Kgs, Height: 147 c¢m,
BP=118x70 mmHg: 118 x 70 mm Hg, HR: 72 bpm.

Precordium: apical impulse on the left hemiclavicular
line and somewhat impulsive, without systolic impulses
on the left sternal border. Hyperphonetic heart sounds,
with splitting of the second sound. Mild systolic murmur
+/++/4, more audible at the cardiac apex. Scar in the
left infraclavicular region by the pacemaker implantation.
Nonpalpable liver and clear lungs.

Complementary examinations

Electrocardiogram: Cardiac rhythm controlled by a
pacemaker in the right atrium and signs of right bundle-branch
block due to pacemaker implantation on the right at the level
of the anatomically left ventricle (Figure 1).

Chest X-ray: Mild to moderate increase in the cardiac
area due to an elongated left ventricular arch (CTI = 0.68).
Increased pulmonary vascular network with aortic arch on
the left (Figure 1).

Echocardiogram: Discordant atrioventricular and
ventriculoarterial connections. Dysplastic and redundant
tricuspid valve on the left. Slight enlargement of the left
atrium (46 mm with volume = 36 mL/m?), and of the
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right ventricle on the left, whereas the other cavities were
normal (RV=44, LV=31, Ao=36 mm), as well as the other
heart valves. There was no myocardial hypertrophy with
septum and posterior wall = 8 mm. The pulmonary artery
systolic pressure was estimated by Doppler at 26 mm Hg.
Biventricular function was normal, and the left ventricular
ejection fraction was 60%. RV TAPSE = 1.6 cm and RV
FAC = 40%. (figure 2).

Radioisotope ventriculography: normal biventricular
function (RV = 55% and LV = 53%).

Clinical Diagnosis: Corrected transposition of the great
arteries with left atrioventricular valve regurgitation, of mild
to moderate intensity, and total atrioventricular block showing
natural evolution in an asymptomatic 65-year-old patient,
with myocardial function preservation. An atrioventricular
pacemaker was implanted on the right at 59 years of age.

Clinical Reasoning: There were clinical elements that
led to a diagnosis of congenital heart disease, despite the
absence of evident symptoms. The second hyperphonetic
sound in the expression of the transposition of the great
arteries and the systolic murmur at the apex related
to the atrioventricular valve regurgitation on the left
would be the two diagnostic elements of the congenital
anomaly. Moreover, there was a natural evolution to
total atrioventricular block during patient evolution as an
element that also led to the diagnosis. Another element
would be extracted from the ECG with inverse potentials
of ventricular depolarization and repolarization, but these
are not available. This intricate clinical diagnosis could be
performed prior to the pacemaker placement due to the
lack of symptoms, but also due to the lack of a semiological
clinical examination adequately performed and evaluated
with adequate accuracy. The diagnosis in this case was
established by the echocardiogram.

Differential diagnosis: Other cardiopathies that are
accompanied by a hyperphonetic second sound and systolic
murmur without significance could lead to heart disease in
adults that are accompanied by systemic arterial hypertension.
Among the cardiopathies, one might recall the ones that,
when operated, preserve the anatomy of arterial transposition,
as in the transposition of the great arteries submitted to
Senning’s operation, as well as those operated using the total
cavopulmonary technique.

Conduct: Considering the patient’s good evolution in
the preservation of good right ventricular function and with
no significant heart defects, the expectant conduct is easily
adopted, with the adequate controls of the pacemaker
implanted approximately 6 years ago. Hence, the good
evolution is expected to continue for many years to come.

Comments: The corrected transposition of the great
arteries (CTGA) presents itself in a different way when
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Figure 1 - Chest radiography highlights the slightly enlarged cardiiac area due to a more prominent left ventricular arch and normal pulmonary vascular network. The aortic arch is
located on the left. The electrocardiogram shows the good right atrioventricular pacemaker functionality, with right bundle-branch block and positioned in the left ventricle on the right.

Figure 2 — Echocardiogram shows the characteristic images of corrected transposition of the great arteries with slight right ventricle dilation on the left and mild tricuspid
valve regurgitation on the left. The mitral valve on the right is upper and the tricuspid valve is lower, on the left.

Arq Bras Cardiol 2020; 115(1Suppl.1):34-36 35
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externalized with associated defects in relation to their
absence. It simulates Tetralogy of Fallot when it is associated
with interventricular septal defect and pulmonary stenosis,
VSD in the presence of the same associated defect and mitral
valve regurgitation in the presence of left atrioventricular
valve regurgitation. When CTGA shows no associated defects
(15% of cases), the natural evolution is characterized by
the evolution of the atrioventricular conduction disorder,
altered by the very long right bundle, which favors the
appearance of total atrioventricular block. Moreover, due to
the emergence of the right ventricular insufficiency, which,
due to hypertrophy and dilation, leads to relative coronary
insufficiency with fibrosis and consequent ventricular
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Case 6/2020 - 16-Year-Old Adolescent with Severe Pulmonary
Stenosis At Valvar Level, After Correction of Truncus Arteriosus using
the Barbero-Marcial Technique in the First Month of Life

Edmar Atik™ and Miguel Barbero-Marcial
Dr Edmar Atik private clinic

Clinical Data

The newborn, in heart failure with truncus arteriosus type |,
underwent repair at 15 days of age, weighing 2800 g. of body
weight, by the Barbero-Marcial technique. At that time, the
right ventricular outflow tract was approached directly with
the pulmonary trunk and a monocusp valve was placed in the
pulmonary position.

The evolution was adequate, with heart failure control,
and he remained asymptomatic and showed normal physical
development. The clinical examination ruled out residual
lesions, such as pulmonary valve insufficiency. Over time,
while asymptomatic, a systolic murmur was identified in the
pulmonary area, of progressive intensity, together with an
increasing pressure gradient in the region of the pulmonary
monocusp. At 2 years of age, it was 25 mmHg; at 5 years,
34 mm Hg; at 7 years, it was 40; at 13 years it was 90 and
at 16 years it was 149 mmHg. The patient did not use any
specific medications.

Physical Examination: good overall status, eupneic,
acyanotic, normal pulses. Weight: 60 Kgs, Height: 165 cm, BP:
110/70 mm Hg, HR: 73 bpm. The aorta was nonpalpable at
the suprasternal notch. In the precordium, the apical impulse
was nonpalpable and there were no systolic impulses in the left
sternal border (LSB). The heart sounds were hyperphoneticand a
+/++/4 rough systolic murmur was auscultated in the pulmonary
area and along the LSB. Nonpalpable liver and clear lungs.

Complementary Examinations

Electrocardiogram showed sinus rhythm and signs of
complete right bundle-branch block. AQRS = +160°, AP and
AT = 50°C. The QRS duration was 0.13”. There were no left
ventricular potentials, with rR” morphology in V1 and RS in V6.

Chest x-ray showed moderately increased cardiac area
on account of the atrial and ventricular arches and normal
pulmonary vascular network. Cardiomegaly was progressive
since the surgical correction, with a current cardiothoracic
index of 0.60 (figure 1).
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Echocardiogram showed a well-positioned interventricular
patch and no residual shunt. The right cavities were
moderately dilated and showed ventricular dysfunction.
The RV also showed hypertrophy. The maximum gradient
between the RV and the pulmonary trunk was 149 mmHg,
with an average of 86 mmHg. The dimensions were: Ao =
32, LA = 28, RV = 34, LV = 41, septum = posterior wall =
7, LV function = 66%, RPA = 22 and LPA = 26 mm. Mild
pulmonary insufficiency.

Cardiac tomography showed normal-sized atria, right
ventricle with medio-apical hypertrophy and RVEDV = 135.2
mL/ m? and RV dysfunction = 28%. The RV outflow tract
showed a calcified monocusp and the planimetry of the region
showed the valve opening was 0.95 cm?, with a diameter of
14.3 x 6.2 cm. The interventricular septum was intact, and
the aorta had a normal caliber. Measures of interest: 1) Aortic
root: 35.4 x 35.0mm (Z-score 3.3). 2) Ascending aorta: 27.6
x 25.2mm. 3) Proximal aortic arch: 22.1 x 20.4mm - mean:

B

SENTADD)

AR

Figure 1 - Chest x-ray highlights the moderate increase in the cardiac area
on the account of the right cavities, with normal pulmonary vascular network.
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Figure 2 - Angiotomography of the heart in four-cavity and cross-sectional views, highlighting myocardial hypertrophy of the right ventricle and the right ventricular
outflow tract without dilation but with a clearly calcified monocusp valve (arrows). Abbreviations: PT: pulmonary trunk, RV: right ventricle, LV: left ventricle, RVOT: right

ventricular outflow tract.

23.6x 17.6mm - distal: 21.0 x 17.6mm 4) Descending aorta:
- proximal: 13.9 x 13.5mm - thoraco-abdominal transition:
11.4 x 9.6mm. 5) Pulmonary trunk: 17.1 x 13.6 mm (Z-score
-2.27). 6) Right pulmonary artery: 16.3 x 13.0 mm (Z-score
0.35). 7) Left pulmonary artery: 11.7 x 10.1 mm (Z-score
-0.96). 9) Left ventricle: - Ejection fraction: 49% - Indexed
end-diastolic volume: 82.4 mL/ m2.

Clinical Diagnosis: Truncus arteriosus Type | submitted
to an early operation using the Barbero-Marcial technique,
with severe and progressive pulmonary stenosis observed in
adolescence, in an asymptomatic patient.

Clinical reasoning: The evolution clinical elements were
compatible with the diagnosis of progressive pulmonary
stenosis since the correction of the basal defect, the Truncus
arteriosus Type I. The absence of symptoms was expected in
the presence of the insidious occurrence of the obstruction
over time. The greatest progression of stenosis had occurred
in the last three years, probably due to the greater calcification
of the monocusp during this period.

Differential diagnosis: Pulmonary valve injury after
surgical correction can occur in any situation in which the
pulmonary valve is previously repaired. Its diagnosis is simple,
attained through the presence of a systolic murmur in the
pulmonary area, plus right ventricular myocardial hypertrophy
in imaging exams.

Arq Bras Cardiol 2020; 115(1Suppl.1):37-39

Conduct: Considering the progression of the residual defect
at the pulmonary valve level, with acquired characteristics such
as myocardial hypertrophy and right ventricular dysfunction,
the intervention approach in the obstructed region was easily
assimilated. Given the adequate anatomy of the pulmonary
valve region, with a diameter of 14 mm and without RV
outflow tract dilation, it was considered pertinent to approach
it using interventional cardiac catheterization. The use of a
Melody prosthetic valve was the technique of choice, with the
inconvenience of the possibility of occurrence of infectious
endocarditis in a bovine jugular vein valve. The fact that the
coronary arteries were well away from the right ventricular
outflow tract favored the established assumption.

Comments: The use of the Barbero-Marcial' technique
for correction of the truncus arteriosus Type |, developed in
1989, is usually accompanied by pulmonary valve insufficiency
due to the RV outflow tract dilation at the anastomosis
with the pulmonary trunk, which is pulled towards it.
It also accompanies the placement of a monocusp, which,
analogously to what occurs after the correction of the Tetralogy
of Fallot, also favors the subsequent evolution of progressive
pulmonary regurgitation. These patients require correction of
the residual defect and almost always by surgical intervention,
due to the large dilation in the region, which makes it
impossible to place an intravenous prosthesis.
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The preservation of the narrower outflow tract, as observed
in the case presented herein, brings to mind the occurrence
and discussion of how it should happen in similar operated
patients, as most commonly in the Tetralogy of Fallot. This
fact could occur more frequently, as long as the surgeon
better preserved the RV outflow tract in a narrower area,
allowing the pulmonary stenosis evolution to predominate
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over valve regurgitation. This preference stems from the fact
that the volume overload myocardial lesion is more harmful
than pulmonary stenosis, which is caused more often by
monocusp calcification.

Ideally, these patients should always be adequately
monitored, aiming to preserve the recommended condition
for a more favorable evolution in the longer term.
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